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The emergence of photo-induced topological phases and their phase transitions are theoretically
predicted in organic salt α-(BEDT-TTF)2I3, which possesses inclined Dirac cones in its band struc-
ture. By analyzing a photo-driven tight-binding model describing conduction electrons in the BEDT-
TTF layer using the Floquet theorem, we demonstrate that irradiation with circularly polarized light
opens a gap at the Dirac points, and the system eventually becomes a Chern insulator characterized
by a quantized topological invariant. A rich phase diagram is obtained in plane of amplitude and
frequency of light, which contains Chern insulator, semimetal, and normal insulator phases. We
find that the photo-induced Hall conductivity provides a sensitive means to detect the predicted
phase evolutions experimentally. This work contributes towards developing the optical manipula-
tion of electronic states in matter through broadening the range of target materials that manifest
photo-induced topological phase transitions.
PACS numbers:
INTRODUCTION
FIG. 1: (a) Schematics of α-(BEDT-TTF)2I3 irradiated with
circularly polarized light. (b) Unit cell (dashed rectangle)
with four nonequivalent BEDT-TTF molecules (A, A′, B, C)
and transfer integrals in the BEDT-TTF layer.
Photo-induced phase transitions are one of the central
topics in recent condensed-matter physics [1–3, 5, 44].
A theoretical study using the Floquet theorem has pre-
dicted that the honeycomb lattice irradiated with circu-
larly polarized light attains a topological band structure
similar to the band structure originally proposed by Hal-
dane [6] that exhibits a topological phase transition. This
transition results in the photo-induced quantum Hall ef-
fect in graphene, even in the absence of an external mag-
netic field [7, 8] and was indeed confirmed in a recent
experiment [9]. Since this pioneering theoretical work,
the Floquet theory has been applied to various electron
systems and has revealed many interesting photo-induced
topological phenomena [10–29]. The topic is now attract-
ing enormous research interest from the viewpoint of both
fundamental science and electronics applications.
However, most of the previous research has dealt with
tight-binding models on simple lattices such as the hon-
eycomb lattice [7, 8, 10], the Kagome lattice [14, 23], the
Lieb lattice [14], and the stacked graphene systems [15]
or simple materials with a two-dimensional atomic layer
such as graphene [7, 8, 10], silicene [16], black phospho-
rene [17] and transition-metal dichalcogenides [18, 19].
There have been few studies based on realistic models
for specific materials. In addition, the only success-
ful experiment so far was done for graphene [9], which
has a simple electronic structure described well by the
tight-binding model on honeycomb lattice [6, 30]. How-
ever, to develop further this promising research field,
widening the range of target materials is indispensable,
and towards this objective, theoretical studies on actual
materials with complex electronic and crystalline struc-
tures are highly desired. Moreover, we can expect richer
material-specific photo-induced topological phenomena
in studies on actual materials. One promising material
is an organic salt α-(BEDT-TTF)2I3 where BEDT-TTF
denotes bis(ethylenedithio)-tetrathiafulvalene [31]. This
compound has inclined Dirac cones in its band struc-
ture [32–34], and many interesting topological properties
and phenomena rising from these Dirac-cone bands have
been theoretically investigated so far, e.g., the quantum
Hall effect [32], the structures of Berry curvature in mo-
mentum space [35], and the flux-induced Chern insulator
phases [36].
In this paper, we theoretically predict the emergence of
photo-induced topological phases and their phase tran-
sitions in α-(BEDT-TTF)2I3. By applying the Floquet
theory to the photo-driven tight-binding model for con-
duction electrons in the BEDT-TTF layer, we demon-
strate that the inclined Dirac cones become gapped at
the Dirac points by the irradiation with circularly po-
larized light [see Fig. 1(a)]. The system then becomes a
topological insulator characterized by a quantized Chern
number [37, 38] and conductive chiral edge states [39].
We obtain a rich phase diagram in the plane of the am-
plitude and frequency of the light that contains phases
corresponding to a Chern insulator, semimetal, and nor-
mal insulator. The calculated photo-induced Hall con-
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2ductivity shows characteristic dependencies on the light
amplitude and temperature in each phase, indicating that
this quantity provides a sensitive experimental indicator
in the detection and identification of these topological
phases and their phase transitions. One advantage of the
usage of organic compounds is that an effective amplitude
of light is an order of magnitude larger than graphene
because their lattice constants are much larger (to be
discussed later). They enhance the feasibility of the ex-
periments. This work contributes to the development of
this field by expanding the potential range of materials
for research.
MODEL AND METHOD
We employ a tight-binding model to describe the elec-
tronic structure of α-(BEDT-TTF)2I3 [32, 33], which is
given by,
H =
∑
i,j
∑
α,β
tiα,jβc
†
iαcjβ . (1)
The unit cell of the BEDT-TTF layer contains four
molecular sites (A, A′, B, C), and we consider trans-
fer integrals tiα,jβ among them [Fig. 1(b)] where i and j
label the unit cells, whereas α and β label the molecular
sites. Under ambient pressure, this compound exhibits a
charge-ordered ground state [31]. When a uniaxial pres-
sure is applied along the a axis, this charge order melts
and eventually inclined Dirac cones emerges within its
peculiar band structure. In this study, we consider the
latter situation by taking the transfer integrals evaluated
theoretically at uniaxial pressure Pa of 4 kbar; specifi-
cally, ta1 = −0.038 eV, ta2 = 0.080 eV, ta3 = −0.018 eV,
tb1 = 0.123 eV, tb2 = 0.146 eV, tb3 = −0.070 eV, and
tb4 = −0.025 eV [41].
After the Fourier transformations with respect to the
spatial coordinates, the tight-binding Hamiltonian is
rewritten in the momentum space as,
H =
∑
k
(c†kA c
†
kA′ c
†
kB c
†
kC)Hˆ(k)

ckA
ckA′
ckB
ckC
 (2)
where
Hˆ(k) =

0 A2(k) B2(k) B1(k)
A∗2(k) 0 B
∗
2(k) B
∗
1(k)
B∗2(k) B2(k) 0 A1(k)
B∗1(k) B1(k) A1(k) 0
 (3)
with
A1(k) = 2ta1(k) cos(ky/2) (4)
A2(k) = ta2(k)e
iky/2 + ta3(k)e
−iky/2 (5)
B1(k) = tb1(k)e
i(kx/2+ky/4) + tb4(k)e
−i(kx/2−ky/4) (6)
B2(k) = tb2(k)e
i(kx/2−ky/4) + tb3(k)e−i(kx/2+ky/4). (7)
We then consider a situation, in which this compound
is irradiated with circularly polarized light applied per-
pendicular to the ab plane [Fig. 1(a)]. The applied
circularly polarized light generates a vector potential
A(τ) = A(cosωτ, sinωτ), which corresponds to a time-
dependent electric field:
E(τ) = −dA
dτ
= Aω(sinωτ,− cosωτ). (8)
In the presence of this vector potential, the transfer in-
tegrals attain Peierls phases as,
tiα,jβ(τ)
= tiα,jβ exp
[
−i e
h¯
A(τ) · (riα − rjβ)
]
= tiα,jβ exp [i {Ab(x˜j − x˜i) cosωτ +Aa(y˜j − y˜i) sinωτ}]
(9)
Here we introduce dimensionless quantities Aa = eAa/h¯
and Ab = eAb/h¯ and dimensionless coordinates riα =
(bx˜iα, ay˜iα) with a and b being the lattice constants along
the y and x axes, respectively [Fig. 1(b)]. We use ex-
perimental values a=0.9187 nm and b=1.0793 nm [40],
which give a ratio Ab/Aa = b/a = 1.175. The am-
plitude of the ac electric field of light Eω is given by
Eω = Aω = Aah¯ω/ea.
In the momentum representation, the effects of Peierls
phases are taken into account by replacing the momenta
kx and ky with kx +Ab and ky +Aa, respectively. Then
we obtain the time-dependent Hamiltonian for the photo-
irradiated α-(BEDT-TTF)2I3 as,
Hˆ(k, τ) =

0 A2(k, τ) B2(k, τ) B1(k, τ)
A∗2(k, τ) 0 B
∗
2(k, τ) B
∗
1(k, τ)
B∗2(k, τ) B2(k, τ) 0 A1(k, τ)
B∗1(k, τ) B1(k, τ) A1(k, τ) 0
(10)
with
A1(k, τ) = 2ta1 cos
(
ky
2
+
Aa
2
sinωτ
)
(11)
A2(k, τ) = ta2 exp
[
i
(
ky
2
+
Aa
2
sinωτ
)]
+ ta3 exp
[
−i
(
ky
2
+
Aa
2
sinωτ
)]
(12)
B1(k, τ) = tb1 exp
[
i
(
kx
2
+
ky
4
)]
exp [iA sin(ωτ + θ)]
+ tb4 exp
[
−i
(
kx
2
− ky
4
)]
exp [iA sin(ωτ − θ)]
(13)
B2(k, τ) = tb2 exp
[
i
(
kx
2
− ky
4
)]
exp [−iA sin(ωτ − θ)]
+ tb3 exp
[
−i
(
kx
2
+
ky
4
)]
exp [−iA sin(ωτ + θ)]
(14)
3where
A = 1
4
√
4A2b +A2a, θ = tan−1
(
2Ab
Aa
)
. (15)
We analyze this time-periodic tight-binding Hamil-
tonian using the Floquet theory. The time-dependent
Schro¨dinger equation is given by,
ih¯
∂
∂t
|Ψ(k, τ)〉 = H(k, τ) |Ψ(k, τ)〉 . (16)
According to the Floquet theorem, the wave function
|Ψ(τ)〉 is written in the form
|Ψ(k, τ)〉 = e−iετ/h¯ |Φ(k, τ)〉 (17)
where |Φ(k, τ)〉 = |Φ(k, τ + T )〉. Here T (= 2pi/ω) is the
temporal period of the ac light field, and ε is the quasi-
energy. This equation is rewritten in the form,∑
m
Hˆn,m(k) |Φmν (k)〉 = εnν (k) |Φnν (k)〉 , (18)
with
Hˆn,m(k) ≡ Hˆn−m(k)−mωδn,m1ˆ4×4 (19)
where ν labels the eigenstates, and n corresponds to the
number of photons. The four-component vector |Φnν (k)〉
rerpesents the νth Floquet state (ν=1,2,3,4) in the n-
photon subspace. We introduce the following Fourier co-
efficients,
|Φnν (k)〉 =
1
T
∫ T
0
|Φν(k, τ)〉 einωτdτ, (20)
Hˆn(k) =
1
T
∫ T
0
Hˆ(k, τ)einωτdτ
=

0 A2,n(k) B2,n(k) B1,n(k)
A∗2,−n(k) 0 B
∗
2,−n(k) B
∗
1,−n(k)
B∗2,−n(k) B2,n(k) 0 A1,n(k)
B∗1,−n(k) B1,n(k) A1,n(k) 0

(21)
with
A1,n(k) = ta1 e
iky/2J−n(Aa/2) + ta1 e−iky/2Jn(Aa/2)
(22)
A2,n(k) = ta2 e
iky/2J−n(Aa/2) + ta3 e−iky/2Jn(Aa/2)
(23)
B1,n(k) = tb1 e
i(kx/2+ky/4)J−n(A)e−inθ
+ tb4 e
−i(kx/2−ky/4)J−n(A)e+inθ (24)
B2,n(k) = tb2 e
i(kx/2−ky/4)Jn(A)e+inθ
+ tb3 e
−i(kx/2+ky/4)Jn(A)e−inθ (25)
We solve the eigenequation (18) by restricting the num-
ber of photons to |m| ≤Mmax (Mmax=16 throughout the
present work). Consequently, the Floquet-Hamiltonian
matrix Hˆ(k) is composed of (2Mmax + 1)× (2Mmax + 1)
block matrices Hˆn,m(k) ≡ Hˆn−m(k)−mωδn,m1ˆ4×4. The
total size of Hˆ(k) is (8Mmax +4)×(8Mmax +4) (132×132
in the present work) because the size of each block ma-
trix is 4×4. Note that as the frequency ω is reduced,
a Floquet matrix of larger size |m| is required, typically
of order W/h¯ω, where W is the band width. Having
adopted |m| ≤ 16 for α-(BEDT-TTF)2I3 with W ∼ 0.8
eV, the obtained results are sufficiently accurate for h¯ω >∼
0.05 eV.
The Chern number of the νth band NνCh (ν=1,2,3,4)
is related to the Berry curvature Bnνz (k),
NνCh =
1
2pi
∫ ∫
BZ
B0νz (k)dkxdky, (26)
where the Berry curvature Bnνz (k) of the νth n-photon
Floquet band at each k point is given by
Bnνz (k) =
i
∑
(m,µ)
〈Φnν (k)| ∂H∂kx |Φmµ (k)〉 〈Φmµ (k)| ∂H∂ky |Φnν (k)〉 − c.c.
[εmµ (k)− εnν (k)]2
.
(27)
Here H denotes the matrix of the Floquet Hamiltonian,
and εnν (k) and |Φnν (k)〉 the eigenenergy and eigenvector
of the equation (18) with ν = 1, 2, 3, 4 and |n| ≤ 16.
The summation is taken over m and µ where (m,µ) 6=
(n, ν); “c.c.” denotes the complex conjugate of the first
term of the numerator. In this work, the Chern numbers
are calculated using a numerical technique proposed by
Fukui, Suzuki, and Hatsugai in Ref. [42].
RESULTS
We first discuss the photo-induced variation of band
structures and their topological properties. Figure 2(a)
shows the band dispersions for the third and fourth
bands, E3(k) and E4(k), in the absence of photo-
irradiation. These two bands make contact at two in-
dividual points in momentum space to form a pair of
inclined Dirac cones. Note that the Dirac points are lo-
cated at the Fermi level because this compound has a
3/4 electron filling with three fully occupied lower bands
and an unoccupied fourth band. Figures 2(b)-(d) show
plots of E3(k) and E4(k) for photo-irradiated systems
with various Eω and ω of light. Once the system is irra-
diated with circularly polarized light, a gap opens at the
Dirac points. These three band structures correspond to
three different photo-induced phases characterized by the
Chern number NCh and the band gap Egap, that is, (b)
Chern-insulator, (c) semimetal, and (d) normal-insulator
phases, respectively.
4FIG. 2: (a) Band dispersions of the third and fourth bands,
E3(k) and E4(k), before light irradiation. (b)-(d) Those for
the photo-induced phases under irradiation with circularly
polarized light, i.e., (b) Chern-insulator, (c) semimetal, and
(d) normal-insulator phases. (e),(f) Berry curvatures of the
fourth band B04z (k) in momentum space for (e) the photo-
induced Chern insulator phase with N4Ch = −1 and (f) the
photo-induced normal insulator phase with N4Ch = 0.
Here the band gap is defined by Egap = min[E4(k)]−
max[E3(k)] where min[E4(k)] and max[E3(k)] are the
minimum energy of the fourth band and the maximum
energy of the third band, respectively. A positive Egap
means that the bulk is insulating, for which, in the whole
momentum space, the fourth band is located above the
Fermi level whereas the other three bands are located be-
low the Fermi level. In contrast, a negative Egap means
that the bulk is semi-metallic, for which the third band
is located above the Fermi level whereas the fourth band
is located below the Fermi level in some portion of the
momentum space. Importantly, when the electron fill-
ing 3/4 with three fully occupied lower bands, a sum of
the Chern numbers over three bands below the Fermi
level, NCh =
∑3
ν=1N
ν
Ch, coincides with −N4Ch because
conservation of invariance requires the sum of the Chern
numbers over all four bands to be zero.
FIG. 3: (a) Phase diagram of photo-driven α-(BEDT-
TTF)2I3 in the plane of the amplitude E
ω and frequency ω of
the applied circularly polarized light. (b), (c) Color maps of
(b) the Chern number of the highest (fourth) band N4Ch and
(c) the band gap Egap in the plane of E
ω and ω.
The band structure in Fig. 2(b) characterized by
Egap > 0 and NCh = −N4Ch = +1 is assigned to the
Chern insulator phase. In contrast, the band structure
in Fig. 2(c) is characterized by Egap < 0, for which the
fourth band around k = (±pi, 0) is lower in energy than
the third band around the Dirac points. This band struc-
ture is assigned to the semimetal phase. Interestingly, the
band structure in Fig. 2(d) has Egap > 0 and resembles
the band structure for the Chern insulator [Fig. 2(b)].
However, the Chern number NCh = −N4Ch is zero in this
case, indicating that the system lies in a topologically
trivial insulating state. Therefore, this band structure is
assigned to the normal insulator phase. Note that these
phases appear as nonequilibrium steady states under the
continuous application of circularly polarized light, and,
in this sense, they are distinct from thermodynamically
equilibrium phases.
We find a clear difference between the Chern insula-
tor phase and the normal insulator phase in the Berry
curvature B04z (k). The Berry curvature in the Chern in-
sulator phase has two negative peaks around the gapped
Dirac points [Fig. 2(e)], corresponding to a nonzero quan-
tized Chern number N4Ch of −1, whereas that for the nor-
mal insulator phase has additional positive peaks as well
as two negative peaks around the gapped Dirac points
[Fig. 2(f)] that cancel the opposite contributions, result-
ing in N4Ch = 0.
5FIG. 4: (a) Chern number −N4Ch and band gap Egap plotted
as a function of the light amplitude Eω when h¯ω = 0.5 eV,
which manifest successive emergence of three photo-induced
electronic phases with increasing Eω. (b) Eω-profiles of the
Hall conductivity σxy for various temperatures when h¯ω = 0.5
eV.
Figure 3(a) shows the phase diagram of photo-driven
α-(BEDT-TTF)2I3 in the plane of the amplitude E
ω
and frequency ω of an applied circularly polarized light.
Three phases are present, namely, the Chern-insulator,
semimetal, and normal-insulator phases. This phase di-
agram is produced by calculating the Chern number of
the (highest) fourth band N4Ch [Fig. 3(b)] and the band
gap Egap [Fig. 3(c)]. We assign the area with Egap > 0
and N4Ch 6= 0 to the Chern insulator phase, the area
with Egap > 0 and N
4
Ch = 0 to the normal insula-
tor phase. The area with Egap < 0 is assigned to the
semimetal phase. According to the obtained phase dia-
gram, we expect that the usage of high-frequency light
with h¯ω > 0.75 eV is preferable to observe the photo-
induced Chern insulator phase in the low Eω range,
whereas the usage of low-frequency light with h¯ω < 0.7
eV is suitable to observe the rich phase transitions upon
the variation of Eω.
Finally, we discuss the Hall conductivity in the three
different photo-induced electronic phases. This physi-
cal quantity is closely related to the topological nature
of the electronic states and can be exploited to iden-
tify the predicted topological phases and to detect their
phase transitions. We plot the calculated Chern num-
ber −N4Ch and band gap Egap [Fig. 4(a)] as functions
of the amplitude Eω of the applied circularly polarized
light setting h¯ω = 0.5 eV, for which the three photo-
induced phases, semimetal, normal-insulator, and Chern-
insulator phases, emerge successively as Eω increases.
Recall that the relation NCh = −N4Ch holds when the
electron filling is 3/4. We also plot the calculated Eω-
profiles of the Hall conductivity σxy for various temper-
atures when h¯ω = 0.5 eV [Fig. 4(b)]. The Hall conduc-
tivity σxy is calculated using the relation,
σxy =
2e2
h
∫ ∫
BZ
dkxdky
2pi
∑
n,ν
nnν(k)B
nν
z (k) (28)
where the factor 2 accounts for the spin degeneracy. Here
nnν(k) is the nonequilibrium distribution function, which
describes the electron occupations of Floquet bands in
the photo-driven nonequilibrium steady states.
The nonequilibrium distribution function nnν(k) is cal-
culated using the Floquet-Keldysh formalism [43, 44],
which is formulated by combining the Keldysh Green’s
function technique [45, 46] with the Floquet theory. The
Dyson equation for the Green’s function matrices is given
by(
GˆR(k, ε) GˆK(k, ε)
0 GˆA(k, ε)
)−1
=
(
[GˆR0(k, ε)]−1 0
0 [GˆA0(k, ε)]−1
)
−
(
ΣˆR ΣˆK(ε)
0 ΣˆA
)
.
(29)
Here GˆR, GˆA and GˆK (ΣˆR, ΣˆA and ΣˆK) are matrices of
the retarded, advanced, and Keldysh Green’s functions
(self-energies), respectively, each of which is composed of
(2Mmax +1)× (2Mmax +1) block matrices where the size
of each block matrix is 4×4. The matrix components of
GˆR0, GˆA0, ΣˆR, ΣˆA and ΣˆK are given, respectively, by,
[GˆR0(k, ε)]−1nν,mµ = εδn,mδν,µ −Hnν,mµ(k) (30)
[GˆA0(k, ε)]−1nν,mµ = εδn,mδν,µ −Hnν,mµ(k) (31)
[ΣˆR]nν,mµ = −iΓδn,mδν,µ (32)
[ΣˆA]nν,mµ = iΓδn,mδν,µ (33)
[ΣˆK(ε)]nν,mµ = −2iΓ tanh
[
ε− µ+mω
2kBT
]
δn,mδν,µ,
(34)
where the symbol Mˆnν,mµ denotes the (ν, µ)th compo-
nent of the (m,n)th block matrix Mˆnm (4× 4), and the
block matrix Hˆn,m constituting the Floquet Hamiltonian
is given by Eq. (19). We consider a situation that the
system is coupled to a heat reservoir at temperature T
with a dissipation coefficient Γ where we set Γ=0.1 eV
for the calculations. The lesser Green’s function Gˆ< and
the lesser self-energy Σˆ< are calculated, respectively, by,
Gˆ<(k, ε) = GˆR(k, ε) Σˆ<(ε) GˆA(k, ε), (35)
Σˆ<(ε) = (ΣˆA + ΣˆK(ε)− ΣˆR)/2. (36)
The matrix components of the lesser self-energy Σˆ< read,
[Σˆ<(ε)]nν,mµ = iΓ
(
1− tanh
[
ε− µ+mω
2kBT
])
δn,mδν,µ(37)
6The nonequilibrium distribution function nnν(k) for the
ν-th Floquet band in the n-photon subspace is given by,
nnν(k) =
〈Φnν (k)|Nˆk(εnν (k))|Φnν (k)〉
〈Φnν (k)|Aˆk(εnν (k))|Φnν (k)〉
(38)
where
Aˆk(ε) = i(Gˆ
R(k, ε)− GˆA(k, ε))/2pi (39)
Nˆk(ε) = −iGˆ<(k, ε)/2pi (40)
and |Φnν (k)〉 is the Floquet eigenstates obtained by solv-
ing Eq. (18).
In Fig. 4(b), we find that the Hall conductivity σxy
is almost zero in the semimetal phase when Eω is small
(Eω <∼ 4 MV/cm) but starts increasing with increasing
Eω at around Eω ∼ 4 MV/cm towards the phase bound-
ary to the normal insulator phase. It reaches a quantized
value of ∼ 2e2/h at the phase boundary and is kept con-
stant in the normal insulator phase although it is slightly
decreased as temperature increases. This nearly constant
behavior does not change even when the system enters
the Chern insulator phase, in which the value of σxy is
again nearly constant to be ∼ 2e2/h. The quantized
Hall conductivity of σxy ∼ 2e2/h in the Chern insulator
phase is naturally understood from the quantized Chern
number of NCh = −N4Ch = 1. On the other hand, the
finite σxy in the nomarl insulator phase is rather non-
trivial because the Chern number vanishes (NCh = 0)
in this phase. It is attributable to the formation and
the electron occupations of Floquet subbands (a series of
replicas of the original bands with an energy spacing of
h¯ω) in the present photo-driven system. Namely, when
the light frequency is not large enough as in the present
case with h¯ω = 0.5 eV as compared to the bandwidth
W (∼0.8 eV in the present α-type organic salt), the hy-
bridization and the anti-crossing of Floquet bands with
different photon numbers occur. As a result, the highest
Floquet band in the m = −1 subspace and the lowest
Floquet band in the m = +1 subspace are partially oc-
cupied by electrons, and the Hall conductivity captures
the Chern numbers of the Floquet bands in these finite-
photon subspaces. This phenomenon cannot be expected
in usual normal insulator phase in equilibrium.
Because both the normal insulator phase and the
Chern insulator phase exhibit nearly the same behav-
iors of the Hall conductivity, it may be difficult to dis-
tinguish these phases by the Hall-conductivity measure-
ments. However, the temperature dependence is more
pronounced in the normal insulator phase. Hence, mea-
surements of the precise temperature profiles of σxy may
be exploited for identification of the phases. It should
be mentioned that in this α-type organic salt, the Dirac
points appear at low temperatures when the charge order
melts. One possible option to realize such a situation is
application of an uniaxial pressure Pa, which is known to
melt the charge ordering in the ground state. Thus, the
predicted topological phase transitions may be observed
under application of the pressure. The measurements
must be performed using diamond anvil pressure cells,
which are transparent for laser light. Another option
is to perform the experiments above the charge ordering
temperature TCO(∼ 40) K, which is much easier than the
first option. Its feasibility is supported by our calculated
Hall conductivity data, which shows that the quantized
Hall conductivity is observed even at T=100 K.
CONCLUSION
To summarize, we theoretically predicted the emer-
gence of rich photo-induced topological phases as
nonequilibrium steady states in organic salt α-(BEDT-
TTF)2I3 with inclined Dirac-cone bands under contin-
uous application of circularly polarized light. The pre-
dicted topological electronic phases and their transitions
upon the laser-parameter variations are expected to be
observed in future experiments by measuring the photo-
induced Hall effect. A crucial advantage of the usage
of organic compounds is that the effective amplitude
of the laser is enhanced significantly due to the large
molecule sizes and resulting larger lattice constants be-
cause the dimensionless laser amplitude Aa = eaEω/h¯ω
and Ab = ebEω/h¯ω are proportional to the lattice con-
stants a and b. We expect the effective vector poten-
tial A in α-(BEDT-TTF)2I3 to be nearly an order of
magnitude larger than that for graphene, and hence the
feasibility of experimental realization of the predicted
photo-induced phenomena is expected to be increased.
The field of photo-induced topological phase transitions
is now rapidly growing, but target materials for research
are still limited to a few toy models and simple atomic-
layered materials. Our work may contribute by advanc-
ing this research field through broadening the range of
target materials.
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